Background/Aims: To explore the potential role of qiliqiangxin (QLQX) A traditional Chinese medicine and the involvement of angiotensin II receptor type 1 (AGTR1) and transient receptor potential vanilloid 1 (TRPV1) in diabetic mouse cardiac function. Methods: Intragastric QLQX was administered for 5 weeks after streptozotocin (STZ) treatment. Additionally, Intraperitoneal injections of angiotensin II (Ang II) or intragastric losartan (Los) were administered to assess the activities of AGTR1 and TRPV1. Two-dimensional echocardiography and tissue histopathology were used to assess cardiac function Western blot was used to detect the autophagic biomarkers Such as light chain 3 P62 and lysosomal-associated membrane protein 2 And transmission electron microscopy was used to count the number of autophagosomes. Results: Decreased expression of TRPV1 and autophagic hallmarks and reduced numbers of autophagolysosomes as well as increased expression of angiotensin converting enzyme 1 and AGTR1 were observed in diabetic hearts. Blocking AGTR1 with Los mimicked the QLQXmediated improvements in cardiac function Alleviated myocardial fibrosis and enabled autophagy Whereas Ang II abolished the beneficial effects of QLQX in wild type diabetic mice but not in TRPV1 -/-diabetic mice. Conclusions: QLQX may improve diabetic cardiac function by regulating AGTR1/ TRPV1-mediated autophagy in STZ-induced diabetic mice.
improving diabetes and preventing further cardiovascular complications include blood sugar maintenance, lifestyle changes, and pharmacological interventions [2] . However, the pathogenesis of cardiovascular complications and the optimum treatments for diabetic patients remain unclear. Therefore, new therapeutic interventions to reduce cardiovascular complications are needed.
Qiliqiangxin (QLQX), a traditional Chinese herb, has been shown to be an effective and safe treatment for chronic heart failure (CHF) and significantly alleviates N-terminal pro brain natriuretic peptide (NT-pro-BNP) levels in CHF patients [3] by preventing myocardial remodeling [4, 5] , blocking Ca 2+ channels [6] , regulating autophagy [7] , ameliorating cardiomyocyte metabolism [8] , and increasing cardiac contractility [4, 8] . However, it is not known whether QLQX can improve cardiac dysfunction in diabetic patients. In our previous study, we found that QLQX exerts beneficial effects on endothelial function in diabetic rats by increasing serum nitric oxide (NO) levels, balancing the NO pathway, and inhibiting the expression of angiotensin converting enzyme 1 (ACE1) and angiotensin II receptor type 1 (AGTR1) [9] . It is believed that endothelial dysfunction and ACE1/AGTR1 could be associated with exacerbations of cardiac dysfunction and increase mortality rates in patients with CHF [10] . Therefore, we compared the effects of QLQX on cardiac dysfunction between diabetic and normal mice to explore whether QLQX confers significant beneficial effects.
The proposed mechanism for the pathogenesis of ACE1/AGTR1 in diabetic cardiomyopathy is highly complex. Recently, Issa reported that increased expression of transient receptor potential vanilloid 1 (TRPV1) protein is observed in rats with angiotensin II (Ang II)-dependent malignant hypertension, which indicates that TRPV1 may be an important contributing factor to these effects of Ang II [11] . Moreover, the role of the TRPV1 channel in the regulation of cardiovascular dysfunction in diabetes has been established [2] . Zheng demonstrated impaired TRPV1 activity and deficient levels of primary downstream transmitters, such as calcitonin gene related peptide (CGRP) and substance P (SP), in the hearts of diabetic mice and patients [12] . In addition, TRPV1 has been linked to a reduction in coronary blood flow and excessive production of reactive oxygen species (ROS) [13] . Therefore, we hypothesized that QLQX may exert protective effects via the regulation of AGTR1 and TRPV1 in diabetic hearts.
Materials and Methods
Reagents Streptozotocin (STZ) and Ang II were purchased from Sigma-Aldrich (St Louis, MO, USA); monoclonal rabbit antibodies against adenosine monophosphate activated protein kinase (AMPK), p-APMK, p62, p-p62, beclin1, light chain 3 (LC3), lysosomal-associated membrane protein 2 (LAMP2), and α-tubulin were obtained from Cell Signaling Technology (Denver, MA, USA); polyclonal rabbit antibodies against ACE-1, AGTR1, and TRPV1 were obtained from Epitomics Inc. (Burlingame, CA, USA); the Masson's trichrome staining kit was purchased from Beyotime (Haimen, China); and losartan (Los) was a kind gift from Merck & Co., Inc. (Kenilworth, NJ, USA). QLQX compounds consisting of radix astragali, aconite root, ginseng, Salvia miltiorrhiza, Semen Lepidii Apetali, Cortex Periplocae Sepii Radicis, Rhizoma Alismatis, Carthamus Tinctorius, Polygonatum Odorati, seasoned orange peel, and Rumulus Cinnamomi, were kindly provided by Yiling Pharmaceutical Corporation (Shijiazhuang, China). The herbal drugs were authenticated and standardized with marker compounds according to the Chinese Pharmacopoeia 2005. The powdered drug was dissolved in normal saline.
Animals
The investigation was performed in accordance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH revised 2011) and approved by the Institutional Animal Care and Use Committee of Tongji University. Eight-week-old C57BL/6J male mice were purchased from the Experimental Animal Centre, Chinese Academy of Sciences (Shanghai, China). TRPV1 deficient (TRPV1 ·d -1 as we reported previously [5] , and the dosage of Ang II was 0.6 mg·kg -1 ·d -1 as reported by Liu [14] . The mice were randomly divided into the following 8 groups: (1) untreated wild type (WT) mice as the normal control group; (2) untreated WT diabetic mice; (3) WT diabetic mice with intragastric QLQX; (4) WT diabetic mice with intragastric Los; (5) WT diabetic mice with intragastric QLQX and subcutaneous injections of Ang II; (6) untreated TRPV1 -/-diabetic mice; (7) TRPV1 -/-diabetic mice with intragastric QLQX; and (8) TRPV1 -/-diabetic mice with subcutaneous injections of Ang II. Untreated diabetic mice and normal control mice were administered with intragastric or subcutaneous injections of equal amounts of saline each day. Ang II or saline was administered by subcutaneous injections for 14 days as described previously [14] . The intragastric QLQX treatments continued for 5 weeks as per our previous report [9] .
Two-dimensional echocardiography
Mice were anesthetized with pentobarbital sodium (50 mg/kg; Merck, Darmstadt, Germany) and subjected to transthoracic echocardiography to measure the left ventricular end-systolic internal diameter (LVESd), left ventricular end-diastolic internal diameter, and the ejection fraction (EF). The mice were then sacrificed by cervical dislocation.
Histopathology
Freshly dissected hearts were fixed in 10% (v/v) formalin for 24 h, embedded in paraffin, sliced into 4-mm-thick sections, and stained with haematoxylin and eosin (H&E) and Masson's trichrome to visualize cardiac hypertrophy and areas of interstitial and perivascular fibrosis by microscopy. The cardiac hypertrophic and fibrotic areas were measured using Image-Pro Plus 5 software (Media Cybernetics, Inc., MD).
Transmission electron microscopy
The freshly dissected hearts were fixed in 5% glutaraldehyde and dehydrated in a graded series of ethanol solutions. After processing, the samples were observed using a transmission electron microscope.
Western blot analysis
Proteins were extracted from heart tissue with lysis buffer containing 50 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 1 mM ethylenediaminetetraacetic acid, 1 mM Na3VO4, 10 mM NaF, 2.5 mM sodium pyrophosphate, 1 mM phenylmethylsulfonyl fluoride, and protease inhibitor cocktail (Cat. # PIC02, Cytoskeleton), and equivalent amounts of protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride membranes (Millipore, Billerica, MA). The membranes were blocked with 5% non-fat dried milk for 2 h. After incubation with primary antibodies for 12 h at 4 °C, the membranes were incubated with horseradish peroxidase-conjugated secondary antibodies at room temperature for 1 h and washed 4-5 times with TBST. The immunocomplexes were visualized using an enhanced chemiluminescence reagent (Bio-Max, Israel).
Statistical analysis
All data are expressed as the mean ± standard error from at least 3 independent experiments and were analyzed using SPSS 14.0 software. One-way analysis of variance was used to determine the significance of the differences among the data. Values of p < 0.05 were considered statistically significant.
Results

QLQX alleviated cardiac dysfunction in diabetic mice
We previously found that QLQX has no significant effects on measured cardiac characteristics, including heart rate, left ventricular systolic pressure (LVSP), left ventricular end-diastolic pressure (LVEDP), ± dP/dt, and EF, in control mice and rats [9] . Thus, we first examined the effects of QLQX in diabetic mice. As expected, after 5 weeks of STZ treatment, the hearts were significantly enlarged (Fig. 1A) . However, the thickness of the interventricular septum wall at diastolic phase (IVSd) and the left ventricular posterior wall thickness (LVPWT) did not significantly increase compared with measurements of saline-infused or QLQX-treated mice. Interestingly, the diabetic mice had enlarged left ventricular diameters and decreased IVSd and LVPWT measurements (Table 1 and Fig. 1B ). Furthermore, cardiac contractility was significantly decreased in the diabetic mice, as demonstrated by decreased EF and fractional shortening (FS) and increased LVESd. The lung weight to body weight (LW/ BW) and heart weight to body weight (HW/BW) ratios were similarly elevated in diabetic mice (Table 1) . H&E-stained histological sections of hearts from the diabetic mice exhibited a damaged phenotype, and using Masson's trichrome staining, we found that cardiac fibrosis was markedly increased in diabetic mice compared with mice administered with saline or QLQX ( Fig. 1C-1E ). The main reason for this observation is that diabetes caused substantial congestive and systolic cardiac dysfunction, which was significantly attenuated by treatment with QLQX. Consistent with our previous study [9] , glucose levels did not change following the administration of QLQX in diabetic mice; however, weight loss increased significantly, which was possibly related to improved heart function. These results indicated that QLQX did not directly ameliorate diabetes.
Fig. 1. Effects of QLQX on STZ-
induced histopathological alterations in cardiac tissues. A. Gross morphology of hearts from mice. Diabetic mice exhibited heart enlargement, while QLQX treatment reversed this effect, which was abrogated by TRPV1 deficiency. Additionally, Ang II did not affect STZ-induced heart enlargement in TRPV1-/-mice. B. WT DM and TRPV1 -/-DM showed degenerative IVSd and LVPWT, while QLQX treatment reversed this effect in WT DM, but not TRPV1 -/-DM. Additionally, Ang II did not change this effect in TRPV1-/-mice (10X). C&D. Representative Masson's trichrome staining of the ventricles. Increased perivascular (C) and interstitial (D) fibrosis (blue) were observed in WT DM and TRPV1 -/-DM mice, while QLQX treatment reversed this effect in WT DM mice, but not TRPV1 -/-DM mice (200X). E. Representativehaematoxylin and eosin (H&E) staining of the ventricles. Normal architecture of the heart was seen in WT control mice. In animals that received STZ, haemorrhage (a), degeneration (b), oedema (c) and fibroblastic proliferation (d) were seen. After treatment with QLQX, only fibroblastic proliferation (e) was seen in diabetic mice. N=5 mice. WT, wild type; Cont, control; DM, diabetes mellitus; QLQX, qiliqiangxin; Ang II, angiotensin II. 
AGTR1 participated in the regulation of diabetic cardiac dysfunction following QLQX treatment
We first evaluated AGTR1 expression in diabetic mice. We also examined the expression of ACE1, which mediates the conversion of Ang I to Ang II, after which Ang II couples with AGTR1 to generate adverse effects in cardiac development and the pathogenesis of cardiovascular diseases. As shown in Fig. 2A , diabetes induced high expression of ACE1/AGTR1, while QLQX inhibited diabetes-mediated activation of ACE1/AGTR1. To further assess the effects of AGTR1, we used Ang II or Los, an AGTR1 antagonist, to directly influence the activity of AGTR1 (Fig. 2B) . We confirmed that, similar to QLQX, Los effectively decreased the expression of AGTR1, whereas Ang II increased the expression in QLQX-treated diabetic mice. Interestingly, the expression of ACE1 did not change. The effects of Ang II and Los on the development of heart dysfunction were also observed in diabetic mice. Direct inhibition of AGTR1 using pharmacologic therapy (Los) mimicked the improvements in cardiac function mediated by QLQX. Conversely, Ang II almost abolished the beneficial effects of QLQX, including the increased EF and FS and decreased LVESd, HW/BW, and LW/BW (Table 2) . 
TRPV1 appeared to be involved in QLQX-mediated improvement of diabetic cardiac function
As shown in Fig. 3A , TRPV1 expression was decreased in diabetic mice, while after 5 weeks of QLQX administration, the decreased expression of TRPV1 was rescued, indicating that TRPV1 may act as a protective factor in diabetic mice during QLQX treatment. To further elucidate the role of TRPV1, we observed the effects of QLQX on TRPV1 knockout (KO) mice (TRPV1 -/-) (Fig. 3B) following STZ treatment. As expected, we observed increased LVESd, and HW/BW and LW/BW ratios and decreased EF and FS (Table 1) in QLQX-treated diabetic TRPV1 -/-mice. Furthermore, histological staining revealed that QLQX attenuated cardiac hemorrhage, degeneration, edema, fibroblastic proliferation, and perivascular and interstitial fibrosis in diabetic mice, whereas the absence of TRPV1 nearly abolished these beneficial effects of QLQX (Fig. 1A-1D ). These data indicated that QLQX mediated cardiac protection via the regulation TRPV1 in diabetic mice.
TRPV1 is a potential downstream adaptor of AGTR1 in the diabetic heart
ACE1/AGTR1 was increased while TRPV1 was decreased in the diabetic heart ( Fig. 2A,  3A) ; therefore, we examined the expression of TRPV1 in diabetic hearts following Los or Ang II treatment. As shown in Fig. 3C , after Los treatment, TRPV1 expression was increased, whereas Ang II abrogated the QLQX-mediated increase in TRPV1 expression in diabetic mice. These data indicated that Los and Ang II may function via TRPV1 in diabetic mice. To further elucidate this potential relationship, we examined the effect of TRPV1 KO on ACE1/AGTR1. Interestingly, TRPV1 deficiency did not reverse the activation of ACE1/AGTR1 caused by diabetes (Fig. 2C) . Additionally, QLQX still reduced the expression of ACE1/AGTR1 in TRPV1 -/-diabetic mice compared with WT diabetic mice (Fig. 2D) . Finally, although QLQX or Ang II effectively altered the expression of ACE1/AGTR1 in TRPV1 -/-diabetic mice (Fig.  2E) , heart enlargement ( Fig. 1A) and IVSd and LVPWT degeneration (Fig. 1B) were not affected by either QLQX or Ang II. Based on these results, we concluded that TRPV1 limited the dysfunctional cardiac responses to AGTR1 in diabetic mice.
QLQX rescued cardiomyocyte autophagy by regulating AGTR1/TRPV1 in diabetic mice
Previous studies have confirmed that diabetes suppresses cardiac autophagy and induces cardiomyocyte apoptosis, which indicates that autophagy deficiency is important in the pathogenesis of diabetic cardiac dysfunction [15, 16] . Moreover, it is thought that many AGTR1-or TRPV1-induced effects are mediated by autophagy [17, 18] . In addition to TRPV1, other biomarkers of autophagy, such as LC3-II, were decreased in diabetic mice (Fig. 4A) . Although controversial, p62 accumulation is typically interpreted as a symptom of lysosomal degradation and the exact opposite of enhanced autophagic flux [19] . Consistent with this hypothesis, we observed higher levels of phosphorylated p62 (p-p62) than p62 in diabetic mice (Fig. 4A) . Moreover, both the formation of autophagosomes and autolysosomes and the expression of their marker LAMP2 were down-regulated in diabetic mice (Figs. 4A and  5) . Additionally, we observed that QLQX induced autophagic flux in diabetic mice. As shown in Figs. 4A and 5, QLQX partially restored the loss of autophagy in diabetic mice. We also found that Los and Ang II affected the QLQX-mediated increase in autophagy (Figs. 4B and 
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Cellular Physiology and Biochemistry 5). Interestingly, p-AMPK/AMPK and beclin1 levels showed a different pattern, indicating that AMPK-dependent and beclin1-dependent autophagy may have adverse effects in diabetic mice following the administration of QLQX. To further investigate the protective effect of TRPV1 on autophagy, autophagy hallmarks and the formation of autolysosomes were examined in TRPV1 -/-mice. We observed fewer autolysosomes, lower LC3-II and LAMP2 levels, and increased p-p62/p62 expression in diabetic TRPV1 -/-mice treated with QLQX (Figs. 5  and 6 ). Based on these data, we concluded that QLQX protected against cardiac damage by regulating AGTR1/TRPV1-mediated autophagy in diabetic mice.
Discussion
In this study, we showed that QLQX improves autophagy via a TRPV1-dependent mechanism in the diabetic mouse heart. The effects of Los mimicked the QLQX-induced increase in autophagy, whereas Ang II blocked these positive effects. Moreover, the beneficial effects of QLQX were abolished in TRPV1 -/-mice. Additionally, neither Los nor Ang II affected heart dysfunction or autophagic flux in TRPV1 -/-diabetic mice. Therefore, QLQX regulated AGTR1/TRPV1-mediated autophagy, and thus prevented cardiac dysfunction in diabetic mice. 
Cellular Physiology
QLQX has been found to effectively and safely improve cardiac function and attenuate cardiac remodeling in myocardial infarction and spontaneously hypertensive rat (SHR) models [4] [5] [6] [7] . In diabetic models, we found that QLQX can also prevent the disruption of endothelial integrity and the deterioration of cardiac function [9] . In the present diabetic model, we also found that long-term treatment with QLQX induced a significant increase in both EF and FS and a decrease in LVESd and HW/BW. In addition, after 5 weeks of STZ administration, treatment with QLQX resulted in an improved myocardial phenotype, as demonstrated by H&E and Masson's trichrome staining, that is, lowered LVESd, reduced myocardial hemorrhage, reduced myocardial necrotic or fibrotic areas, decreased fibroblast proliferation, and diminished interstitial edema. These data suggested that QLQX effectively abolishes cardiac dysfunction during hyperglycemic overload. Additionally, QLQX not only resulted in decreased expression of ACE1 and AGTR1 in the diabetic heart but also simulated the protective effects of Los, which agrees with our previous findings in diabetic aortic rings [9] . Thus, QLQX appears to block cardiac remodeling in cardiomyocytes during hyperglycaemic overload.
Renin-angiotensin system (RAS) is a pluripotent toxic factor and a key contributor in cardiovascular remodeling and subsequent cardiovascular dysfunction. It is thought that many QLQX-induced protective effects are mediated by RAS. Zhou [20] found that QLQX seems to reverse ACE1/AGTR1 activation, cardiac hypertrophy, and heart failure in mice following 4 weeks of pressure overload. Moreover, QLQX has been found to down-regulate the expression of ACE1/AGTR1 in STZ-treated rats and protect against heart failure and vascular endothelial dysfunction [9] . In the present study, we also found that QLQX inhibited the expression of ACE1/AGTR1, whereas Los mimicked the beneficial effects of QLQX in diabetic mice. These data confirmed the causal role of QLQX-inhibited ACE1/AGTR1 activation in the diabetic heart. Many signaling transmitters, such as ROS and NO [21] , have been found to be involved in ACE1/AGTR1-mediated damage. TRPV1 has recently been shown to have a complex relationship with AGTR1. While some researchers have reported that plasma Ang II is increased in diabetic rats, the expression of TRPV1 in the wall of the left ventricle is not significantly changed [22] , and TRPV1 expression in the organum vasculosum laminae terminalis is increased in SHR rats [13] , most studies have confirmed that TRPV1 is decreased during ACE1/AGTR1-induced injury or in pressure overload-induced cardiac hypertrophy [23] [24] [25] . Treatment with captopril, an inhibitor of ACE1, can induce TRPV1 extravasation in the airways [26] . Moreover, immunofluorescence analysis has shown that Ang II and TRPV1 are co-expressed in cultured neurons [27] . These data demonstrate that TRPV1 plays key roles in the ACE1/AGTR1-mediated effects. The discrepancies among the findings regarding the expression of TRPV1 may be a result of differing ACE1/AGTR1-mediated effects in different models. In this study, increased ACE1/AGTR1 and decreased TRPV1 levels were observed in diabetic mice. Moreover, Los reactivated TRPV1. Furthermore, although both Ang II and Los efficiently altered the levels of AGTR1 in TRPV1 -/-diabetic mice, they did not have any effect on cardiac dysfunction. Together, these data indicate that AGTR1 may regulate TRPV1 and cause further cardiac dysfunction in diabetic mice.
Accumulating evidence indicates that TRPV1 plays an essential role in the underlying processes of heart failure, indicating that the modulation of TRPV1 may be a potential target for CHF treatment in diabetes [2, 28] . Indeed, defects of TRPV1 have been associated with the occurrence of heart failure in type 1 and 2 diabetes mellitus due to their effects on ROS production, Ca 2+ transients, eNOS activity, adiponectin and leptin signaling control, the modulation of neuronal activity, microcirculatory vasodilation, and the regulation of myocardial blood flow [12, [29] [30] [31] [32] . Direct induction of neurotransmitters downstream of TRPV1, such as CGRP and SP, leads to lowered LVEDP and increased LVSP, ± dP/dt, and coronary flow in diabetic mice [33] . In this study, we also found decreased expression of TRPV1 and damaged cardiac function in diabetic mice, which was consistent with previous studies. Interestingly, QLQX efficiently increased the expression of TRPV1 in the diabetic heart and improved cardiac function, which suggests that QLQX might affect cardiac function by modulating TRPV1. Therefore, we examined the effects of QLQX in TRPV1 Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry KO mice. Surprisingly, QLQX did not have any beneficial effects-as observed by both echocardiography and histopathologic assessment-in TRPV1 KO diabetic mice. These data confirmed the pivotal role of TRPV1 in diabetic mice following QLQX treatment. Additionally, we found that QLQX administration ameliorated weight loss in WT diabetic mice, but not in TRPV1 -/-diabetic mice, which is consistent with a previous study that showed increased weight loss and deterioration of heart failure in TRPV1 KO mice [34] .
Autophagy acts as a central regulator of AGTR1/TRPV1-mediated effects [18, 35] . It is initiated by stress through different mechanisms, which causes autophagosomes to fuse with lysosomes to form autolysosomes, resulting in degradation of the cargo. It is therefore a very important process for survival. Recent studies have demonstrated that diabetes induces harmful effects in the heart via autophagy deficiency [15] . We further investigated the involvement of autophagic flux in the diabetic heart following QLQX administration. As expected, diabetes significantly inhibited autophagy, which was re-activated by QLQX administration. We then observed the effects of Ang II/Los on autophagy. Los administration efficiently restored autophagy in diabetic mice. Interestingly, Ang II combined with AGTR1 induces adequate autophagic flux in TAC-mediated cardiac hypertrophy [36] ; however, in our study, the inhibition of AGTR1 via Los increased the levels of LC3 and LAMP2 and the number of autophagolysosomes, whereas Ang II abolished these effects. The main reason for this discrepancy is that AGTR1 has different effects in diabetic models. Additionally, we noticed that AMPK-dependent autophagy, which is usually considered beneficial, increased following QLQX or Los treatment, whereas beclin1-dependent autophagy, which is usually considered harmful, increased following Ang II administration in QLQX-treated diabetic mice [37] . These data suggest that the induction of autophagy might be an important mechanism that enables QLQX to regulate the AGTR1 pathway and improve cardiac dysfunction. TRPV1 is an important downstream regulator of AGTR1; therefore, we further investigated whether TRPV1 is involved in the activation of autophagy in QLQX-treated diabetic mice. Recent studies have demonstrated that TRPV1 relies on the AMPK pathway to activate autophagy [34] . During pressure overload-induced cardiac hypertrophy and contractile dysfunction, cold stress accentuates injury through increased expression of TRPV1 receptors, AMPK phosphorylation, and the activation of autophagy [38] . Additionally, AMPK-dependent autophagy has been observed in the TRPV1-mediated inhibition of vascular smooth muscle foam cell formation [17] . Similar pathways for the induction of autophagy by TRPV1 and AMPK have been shown in thymocytes [39] . In our present study, autophagy deficiency and reduced TRPV1 expression were observed in diabetic mice, as indicated by decreased numbers of autophagolysosomes and the expression of LC3II and LAMP2. AMPK phosphorylation was also reduced in diabetic mice. Therefore, we concluded that TRPV1 may play an important role in diabetes-mediated loss of autophagy. We next wondered whether TRPV1 mediates the promotion of autophagy after QLQX administration. First, we found that QLQX increased the expression of TRPV1. QLQX also increased the number of autophagolysosomes, the expression of LC3II and LAMP2 and the phosphorylation of AMPK, and decreased the phosphorylation of p62 in WT diabetic mice but not in TRPV1 -/-diabetic mice. These results suggested that QLQX induces autophagy by activating TRPV1 in the diabetic heart.
The limitations of this study should be noted. Although we have shown that TRPV1 is a downstream regulator of ACE1/AGTR1, the effects of Los and Ang II on autophagy in TRPV1 KO diabetic mice were not investigated. Additionally, capsaicin, a direct TRPV1 stimulator, was not used in this study. Further in vivo studies are needed to verify the above mechanisms.
In conclusion, diabetes increased ACE1/AGTR1 activity and decreased autophagy, TRPV1 expression, and cardiac function. QLQX inhibited ACE1/AGTR1 expression, activated autophagy and TRPV1, and improved cardiac dysfunction. Blocking AGTR1 via Los mimicked the beneficial effects mediated by QLQX, whereas Ang II abolished these effects. Moreover, the beneficial effects were observed in WT diabetic mice but not in TRPV1 -/-diabetic mice. Many questions regarding the molecular network underlying these responses must be answered. However, the possibility that AGTR1/TRPV1-mediated autophagy could play an 
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